The diagnosis of endogenous hypercortisolism (Cushing's syndrome) is extremely challenging. Chronic kidney disease (CKD) increases the activity of the hypothalamic-pituitary-adrenal axis making the diagnosis of Cushing's syndrome even more challenging. This is particularly so since urine free cortisol (UFC) testing is not useful in CKD. The case report by Stroud et al. in this issue of the European Journal of Endocrinology highlights this problem by finding normal UFC in a patient with pituitary ACTH-dependent Cushing's syndrome. Elevated late-night salivary cortisol (LNSC) testing was diagnostic and pituitary adenomectomy was curative. LNSC measurement is the diagnostic test of choice in patients with suspected Cushing's syndrome, particularly in the presence of CKD..
The diagnosis of endogenous hypercortisolism (Cushing's syndrome) is one of the most difficult problems in endocrinology (1, 2) . The signs and symptoms of Cushing's syndrome overlap with many common medical disorders such as obesity and the metabolic syndrome (1, 2, 3) . Another challenge to establishing a diagnosis of neoplastic/pathologic endogenous hypercortisolism is that many common disorders such as alcoholism and depression may cause a state of non-neoplastic/ physiologic hypercortisolism (formerly known as pseudo-Cushing's syndrome) and may lead to similar clinical and biochemical findings (3) .
In this issue of the European Journal of Endocrinology, Stroud et al. present an interesting case of a patient with chronic kidney disease (CKD) 4/5 (4) (eGFR of 16 ml/min (reference range (RR) >90)) and many of the stigmata of Cushing's syndrome (5) . The patient had severe proteinuria (3.3 g/day (RR <0.6)) and a surprisingly normal urine output (~2 L/day with a urine creatinine excretion rate within the expected range). Urine free cortisol (24-h UFC) was within the reference range (77-118 nmol/day (RR <250)). However, late-night salivary cortisol was increased (20.0 nmol/L (RR <8.0)) and morning serum cortisol was not suppressed after a 1 mg overnight dexamethasone suppression test (DST; 262 nmol/L (RR <50)) or 8 mg DST (153 nmol/L) all of which made the diagnosis of Cushing syndrome extremely likely (1, 2) . ACTH-dependent Cushing syndrome was established with an elevated plasma ACTH (57 pmol/L (RR <12)). The patient had an ACTH-secreting pituitary adenoma (Cushing disease) removal of which led to a biochemical remission and improvement in blood pressure control.
The diagnostic problem in this patient highlights the increasing appreciation that severe CKD may often be associated with a state of non-neoplastic hypercortisolism accompanied by elevations of plasma ACTH and late-night serum and salivary cortisol as well as abnormal cortisol suppression after dexamethasone suppression (6, 7, 8, 9) . The mechanism for the dysregulated cortisol excess in severe CKD is not a decrease in the renal clearance of cortisol, and correspondingly, the urine cortisol measurements are typically normal as in this patient (10) . CKD seems to activate the hypothalamic-pituitaryadrenal axis presumably from a hypothalamic origin related to the stress and high inflammatory state resulting from CKD and chronic dialysis (6, 9) . The diurnal nadir in serum cortisol is increased in severe CKD, reflected by elevations in late-night salivary cortisol (LNSC) (6, 7) . Furthermore, there is a positive correlation between disrupted cortisol circadian rhythm and elevations of serum C-reactive protein in patients with severe CKD (6) . In addition, it has been known for decades that CKD patients have abnormal suppression of cortisol after lowdose dexamethasone (9) . Initially, this was thought to be related to poor dexamethasone absorption, but the patient in this report had very adequate dexamethasone levels. The abnormal dexamethasone suppression in CKD may be related to several other factors including some degree of glucocorticoid resistance, the chronic inflammatory state, and the depression that may complicate the course of severe CKD that is apt to progress to true end-stage renal disease requiring renal replacement therapy (3, 4, 6) .
That this report claims to be the first patient with renal failure in whom corticotroph tumor removal cured Cushing's disease illustrates the difficulty in establishing the diagnosis of neoplastic hypercortisolism in CKD patients. The patient reported here had a large pituitary neoplasm in addition to a very persuasive clinical and biochemical profile. Of course, many patients with Cushing's disease do not have such an obvious clinical presentation (1, 2) .
Even in patients with normal renal function, many have questioned the utility of measuring 24-h UFC to diagnose Cushing's disease particularly because of the large number of false negatives (11, 12) . The measurement of UFC is also questionable considering the likelihood of altered steroid metabolism by severely diseased kidneys (10) . It is fortunate in the case of this patient that the clinicians pursued the diagnosis of Cushing's syndrome on clinical grounds despite the normal UFC, and subsequently used the appropriate diagnostic tests.
The consideration of neoplastic hypercortisolism in CKD patients should follow the contemporary diagnostic guidelines (13): consistently normal LNSC will exclude the diagnosis. However, elevated LNSC and abnormal dexamethasone suppression must be viewed with caution. Although some patients with equivocal clinical or radiologic findings may require secondary diagnostic tests for neoplastic hypercortisolism such as the DDAVP stimulation test or the dexamethasone-CRH test (3); neither of these tests have been well studied in CKD patients. A higher than expected blood glucose or blood pressure may prompt further evaluation for Cushing's syndrome in a patient with severe CKD. Finally, there is no substitute for good clinical judgement and experience.
In conclusion, this case highlights that the measurement of LNSC, and perhaps the oDST, is the optimal approach to the diagnosis of Cushing's syndrome (1) . A normal urine free cortisol is not useful to rule out Cushing's syndrome because of its poor sensitivity (12) . As we have stated on many occasions, if you have never missed the diagnosis of Cushing's syndrome or been humbled by trying to establish its cause, you should refer your patients with suspected hypercortisolism to someone who has (2).
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